Endosseous implants have been frequently used for prosthetic reconstruction in the partially edentulous patient. Sufficient volume and density of the alveolar bone for implant integration and load bearing have always been considered as prerequisites for good results. Bone resorption following the extraction of posterior maxillary teeth sometimes results in severe loss of bone in vertical and/or horizontal dimensions, which may preclude the use of dental implants.

Various grafting procedures to re-establish an adequate bone volume to enable the placement of endosseous implants in the posterior maxilla have been described. The most commonly used technique is augmentation of the maxillary sinus floor, a technique introduced by Tatum\[[@ref1]\] and modified by Boyne and James\[[@ref2]\] and by Wood and Moore.\[[@ref3]\] With this technique, the maxillary sinus is accessed by creating a bone window in the lateral sinus wall with a small round bur, with the aim of leaving the sinus membrane intact. The sinus membrane is then carefully elevated and the bone window is rotated medially.

Several studies have evaluated maxillary sinus augmentation using autogenous bone grafts from the iliac crest, mandibular chin,\[[@ref4]\] mandibular ramus\[[@ref5]\] or calvarium, as well as bone substitutes alone\[[@ref6]\] or in combination with autogenous bone via lateral window technique or indirect technique by Summer\'s.\[[@ref7]\]

Autogenous bone (AB) graft is very popular for sinus floor augmentation because it possesses osteogenic, osteoinductive, and osteoconductive properties.\[[@ref8]\] Unfortunately, the harvest of AB required donor site surgery and potentially increases patient morbidity.\[[@ref9][@ref10][@ref11][@ref12]\]

The maxillary sinus augmentation being an elective procedure, priority should be to minimize patient morbidity. Earlier studies indicate that the mere lifting of the sinus membrane, creation of a void space and blood clot formation might result in new bone owing to the principles of guided bone regeneration.\[[@ref13][@ref14]\]

Therefore, the aim of the present review was to determine the effectiveness of maxillary sinus floor augmentation without bone grafts using lateral window technique. The primary and secondary variables of interest analyzed in the study are given in [Table 1](#T1){ref-type="table"}. Structured question: What is the effectiveness of maxillary sinus floor augmentation without bone grafts using lateral window technique?

###### 

Variables of interest
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Materials and Methods {#sec1-1}
=====================

A systematic search strategy was used. In the initial phase of the review, a computerized literature search for human and animal studies was performed in the PubMed and Cochrane databases, till June 2012. In addition, a hand search was carried out in the following journals:

International Journal of Oral and Maxillofacial Surgery, British Journal of Oral and Maxillofacial Surgery, Journal of Oral and Maxillofacial Surgery, Journal of Cranio-Maxillofacial Surgery, Clinical Implant Dentistry and Related Research, Clinical Oral Implants Research, Journal of Oral Implantology, The International Journal of Oral and Maxillofacial Implants, International Journal of Periodontics and Restorative Dentistry, Journal of Clinical Periodontology, Journal of Periodontology, Periodontology 2000, International Journal of Prosthodontics, Journal of Prosthetic Dentistry, Oral Surgery Oral Medicine Oral Pathology. Additional publications were identified from the reference lists of the retrieved articles.

Further, we checked the Cochrane Controlled Trials Register and The Cochrane Health Group Specialized Register for publications on sinus floor augmentation. Articles were searched from 1997 (the first known study of sinus lift surgery without the use of grafts\[[@ref13]\]) to June 2012.

Search terms {#sec2-1}
------------

Keywords were 'sinus Augmentation' or 'Maxillary Sinus Augmentation' or 'Maxillary Sinus Floor Augmentation' and 'Blood' or 'Venous Blood' or 'Peripheral Venous Blood' or 'Gelatin Sponge' or 'Gel Sponge' or 'Resorbable Sponge' or 'Platelet Rich Plasma' or 'Platelet Rich Fibrin' or 'Fibrin Rich Block' or 'Platelet Concentrates' or 'space Maintaining Device' or 'Resorbable Device'.

Inclusion criteria {#sec2-2}
------------------

The inclusion criteria for the articles to be included in this present systematic review were as follows:

Articles that showed evidence of atrophy of the maxilla in the premolar/molar area that required a sinus lift before implantation in case of human studiesCase series in which bone graft or bone substitutes were not used in the maxillary sinus augmentationClinical trials in which bone graft or bone substitutes were not used in any one of the groupsArticles having information on either animals/humans in this areaArticles with either histological or radiographic evaluation for maxillary sinus floor augmentation.

Exclusion criteria {#sec2-3}
------------------

Articles having studies not done with lateral window approachArticles other than in English languageArticles having studies done with less than 6 months follow-up.

Selection of studies {#sec2-4}
--------------------

Titles derived from this broad search were independently screened by two authors based on the inclusion criteria. Disagreements were resolved by discussion. Following this, abstracts of all titles agreed on by both authors were obtained and screened for meeting the inclusion criteria. If no abstract was available in the database, the abstract of the printed article was used. The selected articles were then obtained in full text. If the title and abstract did not provide sufficient information regarding the inclusion criteria, the full report was obtained as well. Again, disagreements were resolved by discussion. Finally, the selection based on inclusion and exclusion criteria was made for the full-text articles. For this purpose, Material and Methods and Results sections of these studies were screened. This step was again carried out independently by both the authors. Disagreements were resolved by discussion \[[Figure 1](#F1){ref-type="fig"}\].

![Selection of article](JPBS-5-176-g002){#F1}

Reasons for exclusion of articles from the present review have been tabulated in [Table 2](#T2){ref-type="table"}.

###### 

Reason for exclusion
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Data extraction {#sec2-5}
---------------

Data was extracted using data extraction tables from the selected papers based on author(s), year of publication, study design, human study or animal study, sample size, inclusion and exclusion criteria, follow-up period, surgical technique, height of residual alveolar crest, material used for sinus floor augmentation, bone gain, method of examination of bone gain, sinus mucosa perforation, patient morbidity and disease transmission.

The study design and basic data are presented in Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}, while the summary of surgical procedures and variables of interest evaluated are given in Tables [5](#T5){ref-type="table"} and [6](#T6){ref-type="table"}.

###### 

General information of selected (non-comparative) articles
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###### 

General information of selected (comparative) articles
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###### 

Summary of surgical procedure and type of grafting material for selected non-comparative studies
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###### 

Summary of surgical procedure and type of grafting material for selected comparative studies
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Results {#sec1-2}
=======

Among the 22 articles included in the review, most of them revealed the presence of bone formation in the maxillary sinus augmentation without bone grafts. Following is a count of the number of articles based on the grafting material used: Blood - 13, platelet rich fibrin - 2, space maintaining device - 4, platelet rich plasma - 1, fibrin rich block - 1, and gel sponge - 1. Out of the 22 articles included, 16 were human studies and 6 were animal studies.

Though most of the articles reviewed showed evidence of bone formation, variation in levels of bone formation was noticed among different groups as well as among different studies. No standaradization was done regarding study design, methodology or method of evaluation.

Discussion {#sec1-3}
==========

The primary objective of the present review was to assess the effectiveness of bone gain in the maxillary sinus floor augmentation without any bone grafts using lateral window technique. Sinus floor augmentation is one of the most reliable procedures in preprosthetic surgery.

The levels of evidences of these selected articles are presented in [Table 7](#T7){ref-type="table"}.

###### 

Level of evidence of selected articles from the centre for evidence-based medicine, Oxford
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In the present review, 13 studies were included to evaluate the effect of bone gain in the maxillary sinus floor augmentation with implant and blood alone using lateral window technique. Among these, 11 were human studies and 2 were animal studies.

In an animal study conducted by Schweikert *et al*.\[[@ref16]\] and Palma *et al*.\[[@ref32]\] using blood as sole grafting material, presence of bone gain was shown in all cases.

Long-term human studies using blood as grafting material in sinus augmentation and with a minimum of 1 year follow-up also revealed the presence of bone gain in most of the cases. In the short-term human studies, though there was evidence of new bone formation, it required long-term follow-up to arrive at conclusions.

Maxillary sinus augmentation with blood showed no statistical difference in the amount of bone gain when compared to the autogenous grafts.\[[@ref20]\] Thus this technique is considered to be cost-effective, less time-consuming and associated with lower morbidity since no bone harvesting is needed summary of published studies (1997-2011) of sinus lift with blood only is presented in [Table 8](#T8){ref-type="table"}.

###### 

Summary of studies of sinus lift with blood only
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The maxillary sinus floor augmentation with platelet rich fibrin, platelet rich plasma, fibrin rich block, gel sponge, and space maintaining device also showed evidence of bone formation with varying levels of bone formation among different groups.

All the 22 articles included in the review showed predictable amount of bone formation in the maxillary sinus augmentation.

Septae and sinus membrane perforations {#sec2-6}
--------------------------------------

The membrane elevation technique without the use of grafting materials, as described in this paper, is not initially an easy technique as it may require adaptation from the more common technique using grafts where the bony window is prepared with a burr.\[[@ref25][@ref36]\] However, with results comparable to the routine sinus lift techniques, the membrane elevation technique displayed possible advantages. However, the problems encountered such as sinus septae and membrane perforations are factors that need to be taken in to consideration.

The maxillary sinus is often divided into compartments by complete or incomplete bony septae. These must be taken into account during the surgical planning of the procedure and are best visualized by preoperative computed tomography evaluation.\[[@ref37]\] The premolar region is also the location of most septae in atrophic edentulous ridges and it has been shown that septae in dentate maxillae are of greater heights than in edentulous patients.\[[@ref38]\] While planning the surgery, these septae are usually considered to be a problem during the procedure. However, they might prove to be helpful in achieving satisfactory primary stability for the implant when placed in these septae of the basal bone of the maxillary atrophied crest. The use of a wide bony window for access to the sinus mucosa is also important.

Sinus membrane perforation has been the most frequently reported complication. The anatomical features like septae and a fragile mucosa may develop into lacerations of the sinus mucosa during the dissection, which requires careful and delicate surgical approach. It is evident from the data available in existing systematic reviews that there are reported cases of the sinus membrane perforation and it might be one of the reasons affecting the success rate of the procedure. Piezosurgery may be advantageous when performing this stage in the procedure. Suturing of the mucosa to the superior part of the bony window after extensive dissection has also been recommended, but not yet evaluated by randomized controlled trials.\[[@ref20][@ref26]\]

Implant survival rate {#sec2-7}
---------------------

The articles included in this review show evidence of good survival rate when implant is placed either along with or after maxillary sinus augmentation without bone grafts. Cricchio *et al*.\[[@ref18]\] in his study has shown that augmenting maxillary sinus using space maintaining device without bone grafts was associated with evidence of more bone formation when placed simultaneously along with maxillary sinus augmentation.

The implant survival rate depends on various conditions such as quality of the bone, stage of implant installation, implant system, implant surface, implant length, implant diameter, prosthetic considerations, systemic health of the patient, and oral hygiene status.

Limitations {#sec2-8}
-----------

The present systematic review limited the studies included to be of English language only. This might have limited the inclusion of studies assessing similar objectives into this review. This systematic review also considered only the published data for result interpretation. The unpublished and the raw data of few studies have not been included for interpretation. Due to lack of studies available, the standardization of methodology was not considered, which might have led to difficulty in comparison of bone gain among different group of non-bone grafting materials. Further, only articles that had minimum 6 months follow-up were included, for better observation of bone formation, randomized controlled trials with long-term follow-up would be required.

Future scope {#sec2-9}
------------

Variations have been observed in the study design adopted, methodology used, type of grafting material used, follow-up period and method of evaluation of bone gain among the different articles.

Selection and inclusion of randomized controlled trials with long-term follow-up and studies with standardization in study design, methodology, follow-up period and method of evaluation of bone gain are required to obtain a clear interpretation of the effectiveness of maxillary sinus augmentation without bone grafts.

Conclusion {#sec1-4}
==========

Within the limits of the articles and data available, maxillary sinus augmentation without bone graft might be considered effective in predictable bone formation.
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